Introduction Harvesting bone graft from the iliac crest in spinal fusion surgery is a widely used technique. However, complications can occur and there are also reports of patients with persistent graft site pain after surgery. The aim of this study was to evaluate pain from the donor site (DS) over time, and register associated complications and if it affected health-related quality of life (HRQoL). Material and methods One hundred and seven patients participating in an RCT between two different methods of reconstruction after cervical decompression were included in this study. One group underwent surgery with bone graft (BG) from the iliac crest and the other with no bone graft (NBG). All patients were evaluated concerning pain at DS and HRQoL preoperatively, at 4 weeks, 3 months and 1 year. Pain was evaluated with visual analog scale (VAS) and HRQoL with EQ-5D. Results A statistically significant difference was found at all times of follow-up in the BG group compared to preoperative levels and the NBG group. The VAS levels at follow-ups at 3 months and 1 year were however of questionable clinical importance. Two patients in the BG group had superficial wound infections postoperatively and five patients still had sensory disturbance in the area of graft site at 12 months. No major complications were registered. No difference could be seen in EQ-5D at any time of follow-up between the groups. Conclusion Harvesting of iliac crest bone graft is associated with significant pain. However, at 3 months postoperatively, the negative effect of clinical importance seemed to have disappeared compared to when no bone graft was harvested. The pain from bone graft harvesting does not seem to affect the quality of life at 4 weeks postoperatively and onward.
Introduction
Autologous bone is frequently utilized in orthopedic and other reconstructive procedures. A common harvesting site is the anterior iliac crest. However, it is well known that bone graft harvesting may be associated with complications, e.g. local pain in the acute phase, sometimes progressing into a chronic pain problem [1] [2] [3] [4] , local sensory disturbance, wound infection, postoperative hematoma, iliac fracture, and even bowel perforation [1, [5] [6] [7] [8] . These unwanted side effects have, by some authors, been highlighted as a reason to avoid autologous bone graft altogether and instead other, usually expensive, techniques such as allografts, various spacers, and bone substitutes have been advocated [9] [10] [11] [12] [13] [14] [15] . However, the true magnitude of the problem with anterior iliac bone harvesting is still unclear as only few controlled studies have been published. Especially the change of the pain level over time has not been fully evaluated. The conduction of a randomized controlled trial (RCT) of surgical treatment of cervical radiculopathy, gave us the opportunity to evaluate pain after bone harvesting in a randomized fashion. In one treatment group the reconstruction was performed with bone graft (BG) from the anterior iliac crest whereas no bone graft (NBG) was used in the other group in which reconstruction was performed with total disc replacement (TDR). The aims of the present study were to evaluate the time scheme and levels of pain from the donor site (DS), to register complications linked to the harvesting of bone, and to evaluate if this affected the health-related quality of life (HRQoL) of the patients.
Patients and methods
One hundred and seven consecutive patients from the ongoing RCT on surgical treatment for cervical spine radiculopathy were followed for 1 year. The demographics are given in Table 1 . Inclusion criteria were at least 3 months of radiculopathy in patients aged 18-60 years with correlating MRI findings at 1-2 cervical levels. Previous surgery, severe myelopathy, other cervical spine pathology, known hypersensitivity to implants or drugs used in the study, drug abuse or dementia rendered exclusion. Inclusion was done after informed consent. The patients were given both written and oral information about the two different reconstruction techniques. This also included information about where bone graft was supposed to be taken from in case of randomization to the BG procedure. All the patients underwent discectomy and decompression with an anterior approach. In order to avoid bias on behalf of the surgeon the randomization was made in the operating room after the decompression was finished, using closed envelope technique. In the BG, a tricortical graft was harvested from the right anterior iliac crest and then trimmed to fit in the decompressed disk space. The reconstruction was stabilized with a plate. The patients received a combination of bupivacaine (2.5 mg/ml) and adrenaline (5 mg/ml) via a small catheter at the bone harvesting site for the first 1-2 postoperative days. In the NBG, spinal reconstruction was achieved with TDR (Discover TM , DePuy Spine). The postoperative regime was identical in both groups. The patients were allowed free mobilization without neck collar from the first postoperative day, and discharged as soon as this was feasible. No specific physiotherapy was administered.
The patients were evaluated with regard to pain at DS and HRQoL preoperatively, at 4 weeks, 3 months, and 1 year after surgery. Questionnaires were sent to the patients by mail. Pain was evaluated with a 100 mm visual analog scale (VAS) specifying pain at DS where 0 represented ''no pain'' and 100 ''worst imaginable pain''. The patients marked with a pen on a line and the actual measurement was done by a research nurse using a millimeter graded ruler. All patients also made a pain drawing [16, 17] as a supplement to the VAS to get a graphic representation of the pain and its physical distribution. Consumption of analgesics was also registered but not the type of medication. HRQoL was evaluated with the EQ-5D questionnaire [18] . The patients also attended a follow-up visit at 3 months and 1 year, where problems or complications related to the graft harvesting were registered.
The study was approved by the Regional Ethics Committee in Stockholm, no: 2006/1266-31/3.
Statistics
Statistical analysis was done using the Statistica software package version 10. Statsoft Inc. 2300 East 14th Street Tulsa, OK 74104, USA. VAS and EQ-5D levels were compared and computed with repeated measurement ANOVA, but as it can be argued that the VAS scale does not fulfill the criteria for ANOVA, statistical analysis was repeated using non-parametric tests, i.e. Mann-Whitney U test for unpaired samples and ordinal data and Wilcoxon's sign test for paired samples. Student's t test was used for comparison of numeric data and Fisher's exact test was used for comparison of proportions. Level of significance was set at p \ 0.05. Ninety-five percent confidence interval for the probability of complications were calculated with the Wilson Quadratic method [19] .
Minimal clinically important difference for VAS when used in a similar setting is 10-18 mm and standard deviation according to various studies is 23 [20] [21] [22] . With a significance level of 0.05 and a power of 0.90, sample size calculation required 36 patients in each group to detect a change in VAS of 18. We wanted to increase this number slightly, to be on the safer side so we stopped the sampling when we had reached 45 patients in the smallest group. As the randomization was skew at this point we ended up with a total of 107 patients in the study.
Results
Preoperative VAS levels at donor site were generally low with an average of 9 mm on VAS with no significant differences between the BG and the NBG group, p = 0.27. Seventeen patients scored VAS more than 40 mm preoperative, 6 (13 %) in the BG group and 11 (18 %) in the NBG group. Statistical significant differences in VAS levels could be detected in the BG group at all occasions of follow-up compared to preoperative levels, p \ 0.05. There were also statistical significant differences between both the groups at all occasions after surgery, p \ 0.05 (Fig. 1) . The VAS levels in the NBG group did not differ significantly from preoperative levels at any time of follow-up (Table 3) . At 4 weeks, 15 patients in the BG group scored over 40 mm compared to 6 in the NBG group which was statistically significant, p = 0.003. At 3 months and 1 year, there were equally small numbers of patients scoring over 40 mm in both groups (Table 2) . Thirty-three (73 %) patients in the BG group still took analgesics after 4 weeks compared to 37 (60 %) in the NBG group. Since the data concerning intake of analgesics was insufficient regarding the type of medication and dosage, and the obvious problem of appreciating if the analgesic was taken for pain at the donor site or from pain related to the index operation, we did not analyze this further as the interpretation would be too uncertain. There were no major complications registered with connection to bone harvesting. However, two patients (4 %) had superficial wound infections at the graft site. Both were treated with oral antibiotics and healed without any further complications. Five patients (11 %) had areas of sensory disturbance close to the donor site which persisted at the final follow-up at 12 months. Thus 7/45 patients in the BG group developed a complication making the 95 % confidence interval for risk of complication between 8 and 29 %. The mean preoperative EQ-5D was 0.41. It increased to 0.61 at 4 weeks, 0.68 at 3 months, and 0.71 at 1 year. There was no statistical difference in EQ-5D between the two treatment groups at any time point (Fig. 2) .
Discussion
Bone harvesting from the iliac crest is a widely used technique, not just in spine surgery. It is frequently used when autologous bone graft is needed, i.e. for reconstruction in maxillary facial surgery or for healing when dealing with pseudarthrosis in fractures. The use of other spinal implants such as cages and disk arthroplasty has to some Fig. 2 ANOVA analysis of EQ-5D over time in both groups extent reduced the need for bone graft, although cages are used by many surgeons together with autologous bone graft due to higher rates of solid fusion [12, 23, 24] . Pain from the donor site seems to be a problem and the first postoperative period and alternative surgical and pain reducing methods have been proposed [25] [26] [27] [28] . Chronic pain and other complications have been reported but with very varying incidence. Pain from donor site over time after surgery has also been described [4] . Lofgren et al. [24] presented a study in 2010 with a similar design evaluating patients from a RCT between fusion with autograft and fusion with trabecular metal implant. However, they did not evaluate the pain from DS within the first 4 months after surgery and they could not find any statistical difference between the groups after this time period. Another study in a randomized fashion was presented in 2003 by Baskin et al. They compared rhBMP-2 to iliac crest bone in cervical fusions [15] . They found significant higher pain levels in the BG group at discharge from the hospital and after 6 weeks but similar to us they could not find a difference in pain at follow-up after 6 months. In this study, we used the patients who were randomized to TDR as controls with self-evaluation of pain in the area of a theoretical site of surgery. We used VAS to evaluate pain over time which is a widely accepted method but can be difficult to manage because statistical significant difference is not always the same as clinical significant difference. The minimally clinical important difference when using VAS in pain evaluation may vary with the level of pain [29, 30] , but several authors suggest that the changes in VAS \18 mm cannot be regarded as a clinical relevant change [20, 31, 32] . It can also be doubtful to use these limits to changes in VAS on a group level since significant individual variations may not be detected [33] . It is possible to present individual changes in graphs, but it may not add much for the understanding of this material since it will be too complex. In the BG, group there was an increase from mean VAS 5 (SD 13) to 27 (SD 28) between evaluations preoperatively and after 4 weeks. The increase of 23 mm indicates that this group experiences more pain than if no bone graft was harvested. It is probably safe to assume that the DS pain was even higher, and thus the difference between the two groups is larger, during the first few weeks after surgery, but this was never documented in the present study. The BG group received locally administrated bupivacaine which may affect pain even in the longer term, and therefore also could have had an impact on the results, although the conclusions from previous studies are somewhat conflicting [34] [35] [36] [37] . There is also a possibility that the infusion may have contributed to increase in the risk for postoperative infection. The randomized controls on postoperative local infusion all had placebo groups with catheters and thus we cannot determine if this influenced the results. The 17 patients who scored VAS more than 40 mm preoperative were analyzed further using the pain drawings to see if there were graphical distributions of the pain correlating to the donor site pain that was set on the VAS. In a majority of the pain drawings with high VAS at DS location, the patients also had marked pain in the area of the lumbar spine. We interpreted the pain at DS in these cases as a pain associated to a lumbar pain problem (Fig. 3) . In another group of patients scoring high preoperative, the pain was drawn very widespread which could indicate a generalized pain syndrome with a more uncertain aetiology of the pain. Two patients with very high VAS preoperative did not mark pain at DS at all on the pain drawing and after a telephone interview we could establish that this was due to a misunderstanding of the questionnaire. This influence of other factors contributing to pain at DS might of course also affect the results during the whole study period and is a source of systematic bias which in that case is a weakness. On the other hand, it is a randomized material and the strength is that confounding factors are minimized with this study design. The difference in preoperative pain between the BG group and the NBG group was not statistically significant, p = 0.27, which indicates that the influence of possible confounders was equal in both groups. A statistic significant improvement in EQ-5D was seen in both groups indicating a good effect by surgery for cervical disk disease on HRQoL. However, the difference in pain and discomfort caused by the harvesting of bone graft from the iliac crest cannot be detected in differences in EQ-5D, thus indicating that the effect is of limited or of no importance on HRQoL.
Conclusion
Bone harvesting from anterior iliac crest seems to be associated with significant pain within the first 3 months after surgery. Minor complications are not uncommon and this should be communicated with the patients before surgery, other techniques may be discussed. Pain from donor site does not seem to affect HRQoL.
